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ABSTRACT

Progress in the area of fire suppression and detection has been dominated by the search for
environmentally friendly replacements for Halons 1211 and 1301 and the investigation of new
technologies borrowed from other fields for application in fire detection. New methods of
characterizing the suppression of furnishing fires have lead to means of incorporating the fire
suppression effects of sprinklers into predictive fire models. A limited water supply sprinkler system
has been developed for installation in mobile homes. The minimum flow requirement for the system
is 0.82 £/s from a reservoir with a minimum capacity of 378 liters.

1. PROGRESS IN SUPPRESSION: HALON ALTERNATIVES

The current commercial halons have been identified as contributing to the depletion of the earth’s
stratospheric ozone. As a result, their manufacture has been limited to 1986 levels by the Montreal
protocol, and more severe limitations are anticipated in the near-future. As a necessary step in the
search for alternatives, a government/industry program was established to identify and qualify
candidate replacements for halons 1301 and 1211 that will satisfy the needs of the major users for
existing applications. No such search has been conducted since the late 1940s, when the U.S. Army
conducted the study that led to today’s predominant halogenated fire suppressants: halons 1301
(CF;Br) and 1211 (CF,CIBr).

Replacements for the current halons must have a number of critical properties: fire suppression
efficiency, low residue level, low electrical conductivity, low metals corrosion, high materials
compatibility, stability under long-term storage, low toxicity (inhalation and contact) of the chemical
and its combustion products, and low (or zero) contributions to stratospheric ozone depletion and
global warming. These constraints are expected to complicate the search.

The search strategy selected by the National Institute of Standards and Technology (NIST) team
focusses on principles for efficient fire suppression and low contribution to stratospheric ozone
depletion. The widest range of chemical families were researched for their potential to test these
principles. Some of these families have not previously been considered for fire suppression.
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There are nine families of chemicals with potential for workbench testing of the above principles.

Saturated halocarbons or halons: (C,F,ClBr I, where o+p+q+r=2n+2). These are
analogs of the currently-used halons and include totally fluorinated compounds,
photosensitive compounds, and analogs to the HCFCs.

Halogenated ketones, anhydrides, and esters. These contain C=0 bonding and may
be more prone to solar dissociation in the troposphere.

Unsaturated halocarbons. These contain C=C bonding and may be more reactive
with OH in the troposphere.

Halogenated ethers. These contain an O-C-O linkage, which is thought to promote
solar dissociation in the troposphere.

Halons containing iodine. These are likely to be more reactive in the troposphere.
Sulfur halides. These are analogs to the halons.

Compounds containing phosphorus. These are non-ozone-depleting, possibly highly
efficient fire suppressants.

Silicon and germanium compounds. These are tropospherically-reactive analogs to
the halons.

Metallic compounds. These are extremely efficient fire inhibitors that are non-ozone-
depleting.

Inert gases. These are baseline chemicals: less-efficient, only physically active agents
with zero ozone-depletion potential.

A list of 103 chemicals which were selected from these families has been published as being beneficial
for further study as possible candidate alternatives or as compounds that may aid in defining the
principles of fire suppression [1].

A systematic and effective means has been found to evaluate the candidates through a program of
closely-coordinated research, empirical testing, and analysis. The following factors were identified
as important in specifying the testing procedures:

ease of operation for these types of chemicals,

number of locations having the capability to perform the test,
amount of chemical required, and

relevance of the figure(s) of merit to this program.

It was necessary in several cases to make adaptations to existing methods or in some cases develop
new methods and procedures from the most appropriate current practice.

Nine screening procedures have been defined for characterizing potential candidates for replacing
halons, particularly 1211 and 1301, now in use for fire suppression applications. These screening



procedures have shown that they are able to distinguish between gases and liquids of varying degrees
of performance [2].

At present, there is no clear winner(s) among the candidate materials for replacing halon 1211 or
1301.

2. PROGRESS IN SUPPRESSION: SPRINKLERS

2.1 Sprinkler Fire Suppression Algorithm

For many years sprinkler actuation prediction models have been part of the technology available to
determine when automatic fire suppression would begin, but there were no models to continue the
process by predicting the effect of the sprinkler water spray on the fire. As part of studies conducted
for the U.S General Services Administration, an algorithm for prediction of the maximum post-
sprinkler actuation heat release rate (HRR) from office furnishings fires was developed |3} based on
large scale experiments.

The sprinkler fire suppression algorithm consists of multiplying the HRR reduction factor by the HRR
at the time of sprinkler activation, Q,,, yielding an expected upper bound to the HRR at a given time
after sprinkler activation, Q(t), for office furnishing fires that are not heavily shielded.

o) = Q,, e o0

This sprinkler fire suppression algorithm can be thought of as a “zeroth order" fire suppression model
for "light hazard" occupancies with a sprinkler spray density of 0.07 mm/s (0.1 gpm/ft%) or greater.

2.2 Limited-Water-Supply Sprinkler System for Mobile Homes

The current standard for the installation of sprinkler systems into single family homes, requires a
minimum water flow rate of 0.0016 m3/s (26 gpm) for 600 s. The size and cost of thess systems are
impractical for some dwellings such as mobile homes.

Under a research and development program sponsored by the United States Firc Administration,
Factory Mutual Research Corporation [4] and Underwriters Laboratories [5] a Limited-Water-Supply
(LWS) sprinkler system has been developed. Through the use of reduced sprinkler spacing from 3.66
m (12 ft) to 2.44 m (8 ft) and quick response sprinkler technology the heat release rate of the test fires
a' first sprinkler actuation is reduced by 50% as compared with the existing standard single family
home systems. The LWS sprinkler system uses less water and is primarily designed as a life safety
system, i.e. prevent flashover and maintain tenable conditions for at least 7 minutes to allow time for
occupants of the dwelling to escape. LWS design requires 0.38 m> (100 gal) of water with a
minimum flow rate of 0.82 ¢/s (13 gpm). FMRC has developed a LWS sprinkler [3] v-ith a K factor
of 28 ¢pm/(bar)!? (2.0 gpm/(psi)!’?) and a volume mean drop size between 0.6 and 0.8 mm. Low
cost installation technology is also being investigated to minimize the cost of the system.



3. PROGRESS IN DETECTION

Recent progress in fire detection was recorded in the review paper by Bukowski and Jason [6]. This
work is based on an extensive review of the international literature published since 1975.

Advances in fire detection may come from transfer or integration of advanced technology used outside
of the fire field. As examples, novel se .sors for measuring smoke, chemicals, electromagnetic
radiation and acoustic emission were discussed by Grosshandler and Jackson [7]. Grosshandler [8]
looked at the latest technologies and attempted to identify their possible applications and limitations.
Several promising areas in need of future research, including discriminating smoke/CO combination
detectors, remote detection of fire using open-path FTIR, wide-band optical and audio detection
systems, and laser/fiber-optic combination temperature/gas/particle detector systems. The most
exciting new system is one based on intelligence borrowed from machine vision [9], in which the
changes in intensity of the red, green and blue signals for each pixel in a CCD camera are followed
in space and time. The system has been trained to determine a fire from a non-fire within an airplane
hangar, and can make a decision in about 1/10 second with a very high level of confidence [10].
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